ABSTRACT
We examined the stability of various R plasmids in Vivrio cholerae, and found that many of the R plasmids detected in the bacteria isolated from human and domestic animals were very unstable in this bacterium, but a few of them as well as most of the R plasmids detected in the bacteria from marine as well as fresh water fish were stably maintained in this bacterium. Chloramphenicol, tetracycline and sulfonamides resistances mediated by these R plasmids were lower in V. cholerae than in Escherichia coli, streptomycin resistance mediated by these R plasmids was far higher in V. cholerae than in E. coli, and ampicillin resistance mediated by these R plasmids was almost same in both V. cholerae and E. coli.
INTRODUCTION
The conjugally transmissible drug resistance plasmids (R plasmids) has been detected in most of the gram-negative bacilli, and known to be transferred not only from one species to another species in the same genus, but also from genera to genera.1,2,3 And these R plasmids have been classified into Fil+.(F) and Fi (F) types by their inhibitions on the fertility of F plasmid in Escherichia coli K-12,24 or into various incompatibility groups by their incompatibilities with other R plasmids3,5
But it should be also important to know the bacterial host range of R plasmids not only to classify various R plasmids but also to know the specificity of their replication and transfer systems.
Of course, the stability of various 125 conjugative R plasmids in pathogenic bacteria has clinical importance for the treatment of these diseases.
There have been a couple of papers dealing with the stability of R plasmids from various origins in Vibrio cholerae,6,7,8 and it was suggested in these papers that the majority of the R plasmids examined were transferred to V. cholerae, but were unstable even in the presence of selective drugs in most cases. And a few special R plasmids were reported to be stably maintained in V. cholerae at low temperature .8
Since we have a variety of R plasmids detected not only in the human pathogens but also in the pathogens for domestic animals and fish, we examined the stability and some characters of these R plasmids in V. Minimal inhibitory concentrations (MICs) of various drugs against R+ strains of E. coli and V. cholerae. RC85 nal (R) and 569B str (R) strains were cultured in Penassay broth to mid-exponential phase, and after proper dilution with the same broth, one-fortyth ml (containing about 104 cells) of them were spotted on heart infusion agar or enriched Knight's semisynthetic agar plates containing series of two fold dilutions of CP, TC, SM, ABP and SA. The minimal concentrations of drugs which allowed no growth of colonies were given as MICs.
RESULTS
Transfer of R plasmids to V. cholerae from E. coli R plasmids were transferred from E. coli RC85 nal to V. cholerae 569B str and to E. coli W3102 str. Transfer frequencies of R plasmids are shown in Table  2 . The transfer frequencies of most of the R plasmids were lower from E. coli to V. cholerae than between E. coli strains.
But R plasmids originally detected in marine Vibrio and V. anguillarum were transferred with high frequencies from E. coli to V. cholerae than between E. coli. All R plasmids studied were not segregated spontaneously in E. coli RC85 nal and found to be very stable.
Stability of R plasmids in V. cholerae V. cholerae strains which received some of the R plasmids gave small colonies on the initial selective plates for detecting transfer, and remained very small or sometimes disappearred on the way of purifications on the same selec tive plates. And once they were allowed to grow on non-selective medium, almost all resulting clones were sensitive to the selective drugs. Whereas, the R plasmids from Edwardsiella tarda, some of Aeromonas hydrophila, A. salmonicida, marine Vibrio, V. anguillarum, Citrobacter and some of Shigella were stable in V.
cholerae (Table 2 ). All these stable R plasmids belonged to Fi-(F) by their inhibitions of the fertility of F plasmid, and to A, N, W, E and the other not yet grouped groups by their incompatibilities with other R plasmids.
Transfer of R plasmids from V. eholerae to E. coli
The R plasmids which were stable in V. cholerae were transferred to E. coli RC85 nal from V. cholerae 569B str ( Table 2 ). The transfer frequencies of R plasmids detected in marine Vibrio and V. anguillarum were higher from V. cholerae to E. coli than E. coli to V. cholerae, and even those of other R plasmids stable in V. cholerae were almost same to both directions.
Drug resistances mediated by R plasmids in V. cholerae and E. coli
MICs of various drugs against R plasmid-carrying strains of V. cholerae 569B str and E. ccol RC85 nal are shown in Table 3 . MICs of streptomycin against V. cholerae 569B str were not measured, because this strain was origi nally resistant to streptomycin. Then, we tried to transfer the R plasmids to the streptomycin sensitive strain of V. cholerae 569B, and got transconjugants Our results proved that this instability of R plasmids in Vibrio was not always true. That is, not only the R plasmids detected in Vibrio but also the R plasmids detected in the bacteria which were isolated in relation to fish or, at least, fresh water replicated in the Vibrio strain stably, suggesting that R plasmids stable in Vibrio required for their replications the replication machinery of the bacteria which could grow well even in water and at water temperature. Of course, relative transfer frequencies of the R plasmids detected in other
Vibrios from V. cholerae to E. coli were higher than those of other R plasmids detected in Edwardsiella, Aeromonas and some other bacteria, suggesting that the conjugal transfer of R plasmids was also influenced by their host bacteria. 
